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I. Introduction 


Very long days ago I have visited a company. That company has a partnership with SUMITOMO 
Electric Industries in a SUMITOMO products. And, SUMITOMO Electric Industries is the mother 
company of my previous company SUMITOMO Wiring Systems. 

When visited that company I was very much impressed about his PM activity. And it is no 
exaggeration to say that this visit was my start-up of TPM study. 

And it is quite natural that my Gemba activity and my teaching are influenced by this company's 
activity. So, this TPM description also is based on this visit and learning. 
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Now in this column I would describe the theme of Jishu-Hozen (which means Autonomous 
Maintenance: 

• Ji-Shu (E=l 3E): Autonomous. 

• Hozen Maintenance. 

The meaning of Jishu-Hozen is to keep and maintain one's machine by oneself. From this, the 
boundary between Preventive Maintenance and Total Preventive Maintenance becomes unclear. 

Koichi Kimura 
June-2018 
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"The purpose of the Total Preventive Maintenance is to maintain the 
production ability to do the things to be necessary to produce, in the timing 
to be necessary to produce and in the quantity to be necessary to produce" 

Koichi Kimura 
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II. The Ideal Image of PM or TPM 

Now please imagine... What is the ideal image of PM or TPM? 

More concretely, TPM is the activity of PM in "all people's participation" from production Gemba 
people to top management. 

The activity of management side which I already introduced in TPM-3 and is not difficult relatively. 

Most difficulty and the essential activity is production Gemba including the maintenance section. 
Particularly the participation and cooperation of machine operators is essential, because they touch 
and handle machines. 

Therefore, it is possible to say that without the operator's cooperation it is not possible to realize 
TPM. 

Now again... What is the operator's ideal image for TPM? 

There are 4 conditions of ideal operator. 

1. To be able to sense abnormalities as abnormalities and stop machine before breakdown 
and/or defect. 

2. To be able to resolve trouble and recover the function of machine by himself or at least to 
judge quickly the possibility of self-maintenance and call the help of maintenance engineer if 
not possible. 

3. To be able to setup necessary condition. 

4. To be able to keep machine condition and control. 

Is there such ideal operator? And is it possible to bring up such ideal operator?... And the answer to 
both questions is Yes. Of course, there are, and it is possible and above ideal image is the goal of 

Jishu-Hozen. 

For bringing up operators, the effort of both side which managerial side and Gemba is essential. 

And as the managerial side effort... 

■ One is the participation with through the KPIs control which I wrote in the TPM-3. 

■ Another one of important task is to make and establish the Air and Circumstances. 

Anyway, to make the Air (atmosphere) and Circumstances, most of the part of bringing up people is 
made with the Circumstances. 
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Air and Circumstances. 

One of important management side task is to provide these both elements. 

First of all, managerial side is required to provide the Circumstance to introduce or improve the TPM 
activity. 



What are the necessary Circumstances? 


■ Company philosophy, Policy, 5Ss, Visual control, Notice board (Information, Graphs & Charts) 

■ Investment to committee activity (Safety, 5Ss and Kaizen), and... 

■ Investment to the Education & Training, Skill Evaluation & Incentive. 



And, what is the Air? 

Once time I have written in somewhere. Above necessary circumstances should be brought up to be 
like "air" which doesn't be felt in a life but is absolutely necessary. 


A worker might not see their notice board. But it is essential to keep and maintain the notice board 
and to continue to send information. 


Then, 


■ The Air; 

■ The Corporate Culture, and finally; 

■ The Gemba Culture; 

...are brought up with continuous effort. 

And it is required to bring up Gemba. But how? 

Therefore, I recommend establishing and encourage committee activity in Gemba and not to grudge 
the investment in people. 
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III. Jishu-Hozen Deployment 

How can we implement and stabilize Jishu-Hozen?... Again, the meaning of Jishu-Hozen is 
maintenance activity by operator himself. Although, before going into this theme, I would introduce 
some concepts. 


The Objects in TPM 

What are the TPM's Objects?... 

■ Machine & Equipment, Tools, Maters and Measurement instruments. And; 

■ The Purposes are: 

o Reduction of troubles; 
o Expansion and Long Lifespan and; 
o Maintenance cost reduction. 


The Ideal operator 

In before page I wrote the image of ideal operator and, also the important task of management side 
which is investing in people (education & training and skill evaluation & incentive). 

A little more, I would introduce these issues in the Japanese case... In Japan there is a national 
qualification of "Machine Maintenance Technician". 

I couldn't find such national qualification in USA and UK. But probably there are similar national 
qualifications. In German there is the Meister system 1 . But it is quite different contents to Japanese 
Machine & Equipment Technician qualification. 

Excellent companies encourage operators to challenge to the acquisition of this qualification. 

In introducing this, again I would confirm the ideal image and the contents of machine & equipment 
maintenance. 


1 Maister Craftsman: In Germany and Austria, the word Meister also assigns a title and public degree in the field of vocational education. 
The German Meister title qualifies the holder to study at a University of Applied Sciences -UAS-, whether the Meister holds the regular 
entry qualification or not. In 2012 the commissions of the states and the federal government, also the associated partners, concluded that 
the "Meisterbrief" is equivalent a bachelor's degree, ISCED 6). 

The Master craftsman is the highest professional qualification in crafts and is a state-approved grade. The education includes theoretical 
and practical training in the craft and, also, business and legal training and includes the qualification to be allowed to train apprentices as 
well. The status of Master craftsman is regulated in the Crafts and Trades Regulation Code. To become a Master Craftsman usually requires 
vocational training in the specific crafts in which the examination should be taken (Gesellenprufung). In addition to attaining the 
journeyman (Geselle) degree, until 2004 the Crafts and Trades Regulation Code did furthermore require practical experience of 3 years as a 
journeyman. In the German field of Meister education specialised training courses for the Meisterprufung ("Meister examination") can be 
followed. The duration of the courses can take 1 to 2 years. The examination includes theoretical, practical and oral parts and takes 5 to 7 
days (depending on the craft). In some crafts the creation of a masterpiece is also part of the examination. 
https://en.wikipedia.org/wiki/Meister 
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National qualification and national test of "Machine 
Maintenance Technician" 

Machine Maintenance Technician is a national qualification certifying the ability to perform the 
maintenance of machines installed in factories and it is a name monopolistic qualification. There are 
three occupations of machine maintenance which are Mechanical maintenance work, Electrical 
system maintenance work and Machine & equipment diagnosis work. 

In the grades there are Special grade and First to Third grade (the third grade is mechanical system 
maintenance work Electrical System maintenance work only), and the Special grade has the degree 
of skill which the manager or supervisor should normally have, 1 st to 3 rd grade is ranked as the degree 
of skill that should normally be held by advanced technicians, intermediate technicians, and beginner 
technicians, respectively. 

In order to acquire qualifications, it is necessary to pass both the Practical test and the Examination 
of the skill test. In these, subject examination is exempted by attending and completing "certified 
vocational training short term course & machine maintenance course" conducted by JIPM (Japan 
Institute of Plant Maintenance). 


The right photo 2 is a practical test of 
electrical skill. Although, there are variations 
depending on years, there are about 30,000 
examinees each year. 


The photo 3 of the right side is a mechanical 
skill test. 

These people are like as the company 
representatives. 



2 Picture taken from an open website. Free of Rights. 

3 Picture taken from an open website. Free of Rights. 
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Examination Qualification 

• Special grade: After passing the first grade, at least 5 years of practical experience 

• Grade 1: Over 7 years of practical experience 

• Grade 2: at least 2 years of practical experience 

• Grade 3: Work experience over 6 months 

o The number of years of practice varies depending on vocational training history and 
academic background. 



Contents of the test and 


test subject 


Special Grade 


1. Process control 

2. Work management 

3. Quality control 

4. Cost control 

5. Safety and health management and conservation of the environment 

6. Work instruction 

7. Machine & equipment Management 

8. Gemba technology on machine maintenance 


First to Third Grades 

1. Machine General 

2. Electric General 

3. Machine Maintenance Method General 

4. Material General 

5. Safety and health 

6. Elective subjects (choose one from the following) 

i. Mechanical maintenance method 

ii. Electrical system maintenance method 

iii. Equipment Diagnostic Method (Grade 1, Grade 2 only) 

Practical exam 

• Special grade: Paper test, Process control, Work management, Quality control, Cost management, 
Safety and health management, Work instruction and Machine & equipment management. 

• Grade 1 to Grade 3: To be performed for each type of job. 

Mechanical system maintenance work 

• Grade 1: 
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Determine the oil & lubricant, Determine the cause of the defect occurring in the main 
constituent elements of the machine, Inspection method at the time of abnormality of the 
machine, Cause judgment and countermeasure, Characteristics of the sealing device, usage 
method, etc. 

• Grade 2: 

Determine the oil & lubricant, Determine the cause of the defect occurring in the main 
constituent elements of machine, Inspection method at the time of abnormality of the 
machine, Cause judgment and countermeasures, Characteristics of the sealing device, the 
usage method, etc. 

• Grade 3: 

Type and name of the part for the judgment of tool, measuring instrument, determine of oil 
& lubricant, determine of bearing, bolt, key, pin, sealing device, determine of pneumatic 
device, and picture of the indicated valve. 

Electrical maintenance work 

• Grade 1: 

Task 1 and 2: Assemble the circuit of the sequence time chart using the programmable logic 
controller (PLC) and input the program. Also, add the indicated specifications. In task 1, 
wiring operations of 3 inputs and 4 outputs are performed and a program of the basic time 
chart is inputted. In task 2, the circuit of task 1 is used to make three specified specification 
changes. 

Task 3: Check relays and timer relays. Also check the contact sequence circuit and repair the 
defective part. Judge defects of relays and timers and respond. A good point relay and a 
timer at this time are used for the contact circuit, a time chart is presented, and three wiring 
correcting operations are performed (disconnection, no wire, miss-wiring) 

• Grade 2: 

Task 1 and 2: Assemble the circuit of the sequence time chart using the programmable logic 
controller (PLC) and input the program. Also, add the indicated specifications. In task 1, grade 
2 is a wiring operation of 3 inputs and 3 outputs, and the time chart is simple. Task 2 (same 
as Grade 1) 

Task 3: Check relays and timer relays. Also check the contact sequence circuit and repair the 
defective part. Although it is only the time chart in the Grade 1, the Grade 2 is simple 
because the wiring diagram is presented before the test. 

• Grade 3: 

Task 1: Based on the instructed specifications, use the relay and the timer on the test board 
to wire the input 2 points and the output 2 points, complete the circuit, then operate it. 

Task 2: Change the instructed contact sequence circuit. (Task 1 and Task 2 total) 

Task 3: After inspecting the given relay and timer using a circuit meter (tester) and a test 
board and filling in the answer sheet, inspect and restore the contact sequence circuit. 
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Machine & Equipment diagnostic work 

Does the machine maintenance work have to be able to judge and ask the presence or absence of 
symptoms and anomaly part from measurement instrument numerical data specialized on the 
contents related to facility diagnosis technology which tends to be emphasized in recent years? 

Although the range of the 1 st and 2 nd Grade is common, the grade 1 question is more difficult than 
the Grade 2 and the number of questions is also large. 

• First grade: 

o Questions related to formulation of machine & equipment diagnosis plan 
o Questions related to setting for data collection by vibration measurement 
o Questions related to data collection by insulation measurement test method 
o Questions related to data collection required for oil pollution analysis 
o Questions related to selection and application of inspection methods for data collection 
by non-destructive inspection 

o Questions related to analysis and determination of measured data of precision diagnostic 
vibration measurement results on rolling bearings, gears, axes / rotors 
o Questions relating to analysis and determination of measured data of simplified 
diagnostic vibration measurement results on speed reducer, fan / blower, pump / 
compressor 

o Questions related to the analysis and determination of the measurement data of the 
insulation measurement execution result relating to cables and electric motors 
o Questions relating to analysis and determination of measured data of oil pollution 
analysis results on rolling bearings, plain bearings, gears, and screw compressors 
o Questions related to analysis and determination of assumed data on non-destructive 
inspection 

o Questions related characterization of the type of damage and problems related to its 
occurrence factors and countermeasures 

o Questions concerning determination of maintenance method based on diagnostic results 
of equipment 

• Second grade: 

Although the range of the 1st and 2nd grade is common test, the grade 1 question is more 
difficult than the grade 2 and the number of questions is also large. 

These are the outline of National qualification and national test of "Machine Maintenance 
Technician". 

An ideal operator is the operator who obtained such national qualification and can use the machine 
and, also, maintain by himself sufficiently. 

The purpose of introducing this national qualification is to appeal the importance of investing in 
people and, also, the necessary skill and knowledge for machine maintenance. However. 

In this column I don't touch neither knowledge nor necessary skill of this national qualification. 
Because in foreign countries, it is too high hurdle to obtain such national qualification (or similar 
qualification). 
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But on the other hand, it is necessary to bring up Gemba people and the TPM in education & training. 
Therefore, in here I describe minimum necessary knowledge and activities. 

Now we go back to Jishu-Hozen... 
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IV. Jishu-Hozen 


Once again let's look at the case of my previous company. 

In the stage of Breakdown Maintenance, in the Gemba the phenomenon of "An operator is a person 
who breaks machine and a maintenance engineer is a person who repairs it". 

The Gemba capacity of this situation is very primitive and low process reliability and very costly, 
because of unreliable & unstable production process, defects, repair and scrap & disposal losses. 

Then, it is very natural a company to consider better machine management. And he considers and 
provides the special section which is the maintenance section and obligates the quick recover the 
machine troubled and trains the maintenance engineers and considers improving better utilization of 
expensive machines. 

And, the organization realizes that in the machine troubles, there are "forced wear (forced 
deterioration)" and "natural wear (natural deterioration)". 

A machine is something to be worn away and break at someday. But most of the case of machine 
troubles causes the "forced wear forced deterioration)" in the utilization of out of standard work, 
overloading, wrong setup, lack of Seiso and ignoring abnormalities. 

Then... Maintenance section considers reducing the forced wear. And to reduce it, he begins the one 
part of PM in Scheduled Maintenance. At this stage I joined to my previous company. 

He decides the cycle of regular inspection and maintenance and standardize the maintenance 
activity. 

In parallel, the Gemba teaches the standardized machine drive and calling maintenance engineer 
when an abnormality occurred. 

And it is possible to improve the machine performance. However, still the machine management is in 
the situation of "An operator is a person who breaks machine and a maintenance engineer is a 
person who repairs it". Also, he recognizes the machine management situation is still in the "forced 
wear by operator". 

Then... He begins the basic education of operator with Gemba. 

And first education & training is standardized setup work to avoid a self-taught manner which is low 
efficiency and sometimes breaks machine. And it is succeeded to reduce serious machine 
breakdown. But it is not sufficient to break through machine breakdown and problems. 

Then... He awakes to the necessity of involving operators more deeply to the PM activity. The target 
of involving operator is to identify the indication of machine trouble. 

And to bring up the operator capacity of discovering abnormalities and the capacity of recognizing 
abnormalities as abnormalities correctly the Gemba and maintenance section begin the OJT (On the 
Job Training). 
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Why involving Gemba? ...Because most important thing is that operators can recognize the 
abnormalities and feel these abnormalities as their problems autonomously. 

And an operator should feel his machine as "his partner". 

I know that this spirit theory is difficult to establish in foreign countries. However, I recommend 
intending it persistently. 

The first step of OJT is anyway to teach following abnormalities which are the indications of machine 
trouble: 


• Dust, lack of oil & lubricant, scattering, abnormal movement, vibration, v-belt, bend, tilt, 
looseness, rattle, heat, wear, shake, leak, abnormal smell, noise, discolouring, chips, dropout, 
trash, rust, scar. 

All these are possible to identify in 5 senses. 
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Natural wear (natural deterioration) and lifespan: 

In above I wrote as "A machine is something to be worn away and break at someday". But it is not 
correct. 

A life of machine is forever. As I introduced the example of Sakichi's automatic loom, this machine has 
been using even after 100 years. And more than 200 original Sakichi's automatic looms are still in active 
in Japan. 

On the other hand, there is the opinion that a machine should be renewed to pursue the productivity & 
efficiency and speed with name of "Scrap & Built". But this though is not allowed in TPS (Toyota 
Production System). 

In a time, Toyota also pursued a high speed automatic machine which is very expensive. But as the 
result even Toyota fell down to the managerial difficulty in his history. And he chose the way to go back 
to his original way which: 

• JIT: Produce necessary things in necessary quantity at necessary timing. 

• Necessary capacity: To keep required Takt Time based on JIT. 

Don't pursue high speed machine which is expensive. Rather than high speed multifunctional 
machine, use low speed and single function machine and man-machine combination system to 
keep Takt Time. 

• Making machine in homemade as much as possible. 

• Importance of Man-Machine combination work in Takt Time. 

And Toyota chose the way of shorter line formation which is more flexible to the variation of order 
trend rather than long line which intends the mass production. 

He chooses the way of flexibility than speed to meet to JIT. And has cheap machines include the 
machines which has already completed the depreciation are kept in good maintenance. 

As I have written in Making Stream of Production, I don't think that such Toyota system (such Takt Time 
production) can be always acceptable to any kinds of industry. However, following concept must be 
accepted by all. 

Machine lifespan is forever. Flexible is important than speed. 

Koichi Kimura 
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OJT - On the job training: 

As you use OJT is one of very effective means for education & training. However, 

When looking the factory (including Japanese one), I quite often see the misunderstanding of OJT. 

First of all, I say that OJT is not the meaning of "Principle of laissez-faire (non-intervention)" but is 
required proper supervision. 

Quite occasions, yes, quite occasions, I hear the following words by human resources managers. 

—How do you train & educate employees? —I asked. 

—Our company trains employee in OJT —the manager answered. 

Then I require to the manager to show me the example of train & education schedule and curriculum. 

— Please let me see an example of your curriculum. I believe you have it for individual new employee — 

I questioned to the manager. 

— No, my department hasn't such individual one. My department leaves it to individual Gemba. 

Because the Gemba knows well the situation and necessary training detail. 

—Then! ...Please let me see your department's one, as one of example. —I asked again—, I believe you 
have your employee education curriculum based on your department's policy and corporate annual 
policy. 

—mmmm, no Sensei, we don't have such curriculum and education schedule for individual person. 
When getting new employees, we train then in our coaching system which nominate the trainers for 
individual new persons and teach them man to man. 

—OK —I nodded—. But I believe you department also needs to identify the education & training items 
and skill evaluation system. For example, Sales department also is required to have certain curriculum, 
schedule and skill evaluation in the system. And it is required to evaluate talking skill, presentation skill, 
proposing skill etc. —And I continued— I'm telling you to let me see such education & training system 
of not other department, but yours. 

—mmmm. I don't have such thought —he, finally, acknowledged. 

—Why don't you have? ...I think that the job role of human resources department is "To improve the 
corporate organization in human resources", isn't it? ...And for realizing this job role you might have the 
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job contents as "Human resources planning, employment, Education & Training, Personnel assessment, 
Labour management" —and I continued... 

—Of course, it might not possible to do education & training for another department directly. However, 
to coordinate the education & training is your department's job role. And, It must be never neglected. 

— By the way — I wanted to make a complementary observation—, I made same question to the 
factory what the education & training methods for employees is. And, the answer was same to you and 
was OJT which unfortunately hasn't neither curriculum, nor time schedule and target items. 

—So —I concluded—, In such situation, can you implement your job "To improve the corporate 
organization in human resources"? 

The above is the outline of the conversation. 

Again, please carve in your heart that OJT is one of good and essential means of education & training. 
But it is not accepting to leave it to the relevant Gemba and requires proper supervision and 
management. 

Incidentally, when describing training issue, I write as "education & training". And I don't write just 
"training". Education and training are inseparable. And some book writes education & training as "Off- 
JT (off the job training) and OJT (on the job training). 

About OJT once again I will write before long. 

Koichi Kimura 
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"An operator should feel his machine as 'his partner' " 

Koichi Kimua 
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V. Steps of Introduction of Jishu-Hozen 

As I wrote above the Jishu-Hozen's steps are: 

1) Teach and train corrective method of safety drive & setup and quality. 

The purpose is anyway to avoid machine to be broken and to produce defect. 

2) Teach SEISO and OJT of visual abnormalities such "Dust ~ Scar". 

3) Teach regular (daily, weekly and monthly) check sheets. 

4) Teach "Structural drawing and Oiling system". 

The purpose of teaching machine structure and oiling system is to let them know the 
mechanism of movement and 

a. The key points of function. 

b. The key points of SEISO and maintenance. 

c. The importance of oiling & lubricant, kind of oil, oiling timing. 

d. The range of normal and abnormal. 

And additionally. 

e. Determine oil & lubricant 

f. Judgment of tool, measuring instrument 

g. Determine of bearing, bolt, key & pin. 

(From the items of national qualification test.) 

5) Teach the relation of precision and quality. 

Teach the relation of mechanism, wear & deterioration and defects. 

Teach the daily SEISO & regular SEISO and finding abnormalities. 

6) Teach again structural drawing, oiling system, and Electric system. Air system. 

Same to 4). 

a. In 4), structural drawing and oiling system are taught. But once again teach these in a 
little detail more. 

b. And additionally; Electric, Air system and Sensors are taught. The purpose is not the 
expectation of autonomous maintenance by them but sharpen the sensitivity to the 
related abnormalities. 

7) Teach and train basic repair & maintenance. The recommendable items of repair & 
maintenance training are: 

a. Tighten bolt properly. 

b. Centring of pulley, gear. 

c. Changing bearing. 

d. Stopping leaking oil. 

e. Proper oiling. 

8) Training of teaching to other lower skill operator by skilled operator. 

a. The highest skill level is the capacity of teaching above items to lower level 
operators. 

b. To teach to other is highest and effective education & training. 
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Now let's look at one by one... 


1) Teach and train corrective method of safety drive & setup 
and quality. 

The purpose is anyway to avoid machine to be broken and to produce defect. 

...Omission... 


2) SEISO. 


The purpose of SEISO which is separated to the SEISO of daily 5Ss activity is to fined abnormalities 
with through the activity of special cleaning up. And we call this SEISO (Cleaning up) activity as 
"Cleaning maintenance" and it is initial activity in TPM. 

Of course, daily SEISO in 5Ss also is essential for TPM activity. And it is possible to say that Cleaning 
and maintenance are correlated in terms of work, and cleaning should be done in pairs with 
conservation activities. 


In other words, if you thoroughly make the everyday "Clean up", you can grasp the state of normal 
operation / movement, it becomes "sensible cleaning" with the addition of the "inspection" work 
naturally to detect abnormalities. 

In order to maintain a normal state, "maintenance" work to restore or reform the abnormality is 
necessary, and it takes the form of "reform cleaning", that is, "cleaning maintenance". 



In addition, immediate maintenance that immediate 
restoration and reform of workers themselves on 
the spot becomes the principle, and in case of which 
to be difficult, it is required to the maintenance 
department. 

It is indeed daily 5Ss activity is important for TPM. 
But just daily SEISO in 5Ss activity is not sufficient for 
PM and has the limit. The purpose of SEISO in PM is 
to find abnormalities in an entire machine in taking 
time and is required thorough SEISO. But Daily SEISO 
in 5Ss cannot be taken time and at most lOminutes. 

As I shall describe later, the items and points of 
SEISO in PM are required to transfer to daily SEISO 
with Kaizen which is easy open, easy checking, easy 
clean-up, scattering prevention and scattering 
minimisation. But still, SEISO in PM cannot be as 
Daily SEISO in 5Ss. 
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So my saying is that for TPM, SEISO is essential in both Daily SEISO in 5Ss and SEISO in PM. 

By the way, one day I drank Sake with an old friend who is sarcastic and became malicious tongue in 
drinking. 

He deplored and told me an episode of his complain regarding the thought of his young counterpart. 
Later I describe his problem. Now, this friend provided next information: 


What is "The Abnormalities" 

Items 

Abnormalities 

Detail of abnormalities 

1 

Small defects 

Dirt 

Dust, Trash, Powder, Rust, Oil, Paint 

Scar 

Crack, Crush, Deformation, Chip, Bend 

Rattle 

Shaking, Come out, Title, Decentration, Wear, Distorted, Corrosion 

Looseness 

Bolt & Nut, Gauge, Cover, Belt, Chain 

Abnormality 

Noise, Heat, Vibration, Smell, Discolouring, Pressure, E-Current 

Adhesion 

Clogging, Fixation, Deposition, Peeling, Operation failure 

2 

Regarding 

fundamental 

conditions 

Oil & Lubrication 

Oil shortage, Oil dirt. Unknown oil spades, inappropriate oil. 

Leakage 

Oiling 

Oil of oil filter port, Clog, Break, Deformation, Pipe crush. Storage 
condition, Oiling equipment defect 

Oil level gauge 

Dirt, Crush, Leakage, Defect of Level indication 

Retightening 

Looseness of bolt & nut, Dropout, Hooking defect, Too long, Crush 
screw, Corrosion, Defective washer, Volt indication. Reverse 

double nut 

3 

Dificult Places 

Seiso 

Machine construction, Cover, Placement, Foothold, Space 

Inspection 

Cover, Construction, Placement, Meter position. Direction, 
Appropriate display 

Oiling 

Oiling mouth position. Construction, Height, Foothold, Waste-oil 
mouth, Space 

Rethigteing 

Cover, Construction, Placement, Sice, Handle position, Space 

Operation 

Machine placement, Valves, Switch, Handle position, Foothold 

Adjustment 

Position of Manometer, Thermometer, Flow Meter, Moisture 
meter, Vacuum gauge 

4 

Source of dirt 

Products 

Leakage, Overflow, Burst Out, Scattering, Spilling 

Material 

Leakage, Overflow, Burst Out, Scattering, Spilling 

Oil 

Overflow/Bleeding of Lubricant, Hydraulic, Processing, Fuel oil 

Gas 

Leak and Scattering of Air, Gas, Steam, pH (Acidity), Exhaust 

Liquid 

Overflow, Bleeding of Water, Hot water, Semi-finished product, 
Cooling water, Drainage, Circulating liquid 

Processing 

Burr, Cutting waste, Packaging material, Spatter, Fire flush. Smoke, 
End material. Adhesive, Paint, Oil, Light, Polishing powder, 

Defective products 

Others 

by Person, by Forklift, intrusion from clearance of building 


For your reference I introduce this chart. So, this chart has 4 categories which are Small Defects, 
Fundamental Conditions, Difficult Places and Source of Dirt. And, the title of this chart is "What is 
abnormalities". And, In short, when looking at a machine, if there are such points in above 4 
categories, the machine is in the condition of abnormality. 
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The interesting point of this chart is to recognize the existences of "Difficult Places and Source of 
Dirt" also to be abnormal situations. And, it recommends resolving and improve the difficult places 
for easy PM. This chart is very useful to use for machine diagnosis and understanding the inspection 
points. 


The story of my old friend 


It is an interesting story because of the different way of thinking. And, what is the points of his 
complaining? 

The assertion of his young counterpart is that... In very near future, the age which the main actor is Al 
& Robot will come. And this wave will reach to the field of production Gemba. And the leading actor 
could be Al. For instance, at TPM Gemba. Because a machine becomes maintenance free in the 
improvement of Al & loT & Robot. 

On the other hand, the old friend objects his though and said that... No matter how Al & loT & Robot 
is improved, the importance of TPM is immutable. Much less, Al to be leading actor could be 
impossible. And, it is impossible to maintain a machine by robot itself even though Al & robot is 
improved. 

And he required my opinion. And I told him that... Such an age will not come yet as expected. And, 
for instance, the exchange of a parts worn is made by not a robot, but by a person. However, a 
maintenance activity is becoming easily. For instance, three next examples: 

• Oil free machine (for instance oil free compressor, power shovel etc.) is commercially 
available; 

• A machine has the function of informing oiling timing, kind and oiling points automatically; 

• A machine-tool maker installs sensors in his products (machines) to gather the data of which 
point, how long lifespan to break. And gathering such data with loT and in cloud and edge 
computing. 

Such gathered data is used for machine improvement and offering maintenance service. In that way, 
Machine-tool makers also, are changing their strategy from just Selling objects to Selling objects plus 
maintenance services. 

In order to dive into this strategy, I would show an example about Selling objects to Selling objects 
plus maintenance service in utilization of Al & loT. 

Selling Products & Maintenance Services in utilization of Al & loT 

At nowadays, there is a new trend in industrial company. It is a move to commercialize not only the 
sale of products but also the maintenance of the products. 

To look at this trend, I introduce the case of Bridgestone, who has the biggest market share of tire in 
the world. For getting your understanding, I write the background of tire market situation. 
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Background 

Why has Bridgestone changed his strategy? 

To present the situation I get the information from the keynote speech of Mr. Akira Masunaga, 
Bridgestone's Director of Digital Solutions Centre. 2018. Apr. 

Crustal deformation is occurring little by little in the tire industry over the last ten years. When 
comparing 2005 and 2015 years, Bridgestone remains top share with no change. The top three 
companies, together with Michelin and Goodyear, also do not change. However, the share of more 
than 50% in the three companies has fallen to about 40%. Instead, emerging manufacturers such as 
China and Korea are emerging. As the overall market size is expanding, sales are growing but share is 
declining. 

Mr. Masunaga reveals, "The tires are becoming commoditized and have a crisis awareness... We 
cannot survive in the tire selling out business, we only have to change to a solution provider that 
provides services to solve each customer's problems, I have steered so that I can survive in that way". 

What does this company intend? 


A major difference from customer 
service in the past is the business 
model "earn without selling tires". 

Lend tires to customer companies, 
and, do maintenance and 
management. Customers do not have 
to think about tire rotation or stock. 
When the surface of the tire wears, re¬ 
use the rubber on the surface at an 
appropriate timing to reuse (re-tread). 

The Bridgestone Group manages all of 
it, which leads to effective use of 
resources and contributes to economic 
efficiency and environmental impact 
reduction. 

A typical example is a solution to the transportation industry. It suggests changing from the end of 
the purchase of a new tire to a package plan of "new article + re-tread + maintenance". By 
implementing re-treading and maintenance at appropriate timing, we contribute to safety 
improvement and cost reduction. And we say that "Please leave the tire around, you do not need to 
think about anything, we will do everything." Mr. Masunaga explains. 

It is the digital technology that supports the service efficiently. By utilizing the sensing technology in 
the tire, it is possible to detect abnormality in real time and maintain proper air pressure. Further, by 
predicting the durability of the tire of the truck and optimizing the timing of the tire rotation and re¬ 
treading, the total cost can be reduced. Mr. Masunaga explains, "We are promoting the use of digital 
technology and want to make the most economical use while checking the life of all tires." 
Furthermore, it can accumulate and analyse the collected data and make use of it for the next 
product development. 
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Analysis of failure cause of tire, kind of mineral 

Mr. Masunaga's above case is a solution in mine. And trucks and construction machines that can hold 
hundreds of tons are constantly moving in mines. A large belt conveyor never stops. Because the site 
is in a harsh environment, troubles and troubles are likely to occur. If operation is stopped by this, a 
large economic loss occurs. Therefore, it is very important to prevent these failures beforehand. 
Bridgestone offers solutions that can be managed in total by taking advantage of the strengths of 
making both mine tires and belt conveyors. 

Attach sensor to tire, measure air pressure and temperature in real time. The administrator confirms 
the situation with the terminal at hand and changes the operation according to the situation. 

I told my old friend that... The improvement of Al & loT & Robot provides the big change in Gemba. 
And TPM also cannot be outside of this trend. 

Not only TPM, but also TPS, TQM anyway the methods of production will change dramatically in 
decades. But the importance of TPM does not change. 

Anyway I told him that it is necessary to use Al & loT & Robot for TPM and in Gemba. 

By the way, I commented the combination of Al and loT. It is very much useful for production Gemba 
including TPM. How about the combination of Al & Robot? 

Al & Robot combination 

Of course, it is possible and should use the combination of Al & Robot & loT in production Gemba. 

But again... How about this combination in TPM? Is it possible to use robot in a maintenance Gemba, 
at least to use as a support robot? 

I think it is impossible to do for a robot alone. But it is possible to use support robot in a maintenance 
Gemba for implementing the job which is required very high accuracy. 

When I'm writing this column at 2018. Apr. Now in here a little more let's look at the point how a 
robot could approach to human. 

In here it is necessary to define the meaning of "approach to human". Because of; 

• As you know Al could beyond a human in the field of deep learning. 

• The robot da Vinci could beyond a human in the field of precision. 

• At the age of Primary Industrial Revolution, the steam engine beyond a human. 

• And even Usain St. Leo Bolt, it is not possible to win to a car in speed and sustaining power. 

The meaning and objects of "approach & beyond to human" is the field of "Sensitivity, Emotion and 
Intellect" which are the bas e of Creativity". 
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Can Al itself improve the field of Right Brain? 

Recently we hear the word of Singularity 4 . And, could Al and Robot beyond humankind? ...A futurist 
says that around 2030 Pre-singularity will happen and around 2045 singularity will happen. 

These periods are not so distant in the future. Of course, before these periods, various kinds of social 
changes will happen. Indeed, the 5th Industrial Revolution is progressing with the spreading of Al & 
Robot and loT. 

My opinion is; that even if Al could be improved, Singularity (Al can beyond human.) will not happen, 
if to be defined the meaning of "approach & beyond to human" as above. 

Even if Al could be improved, Al cannot become to "feel"; the freshness of morning mist, beautiful 
rainbow after rain, autumn leaves, beauty of melody... 

Even if Al could be improved, Al cannot feel the deep emotion of becoming mother and father. 

Even if Al could be improved, Al cannot have neither the mind nor emotion of self-first nor self- 

sacrifice, neither good nor evil. 

Therefore, Al itself cannot improve such field which are the sources of creativity by Al itself. 

Al could improve the quantity of intelligence explosively. Nevertheless, it is no the meaning of Al 
exceeding humans. But it might be quite true that Al &Robot could be a good assistant of human. 

Human behaviors in robots 

Now... How much a robot can be closer to human beings? 

When writing this document, I saw an impact movie in TV 5 at 2018. Mar. In this movie, the person 
right hand side in below photo is a Tatsujin of lai-dou. And left-hand side is a robot. 

• jSA(Tatsujin): Adept, Expert... 

o ill (Tatsu): To reach, 

o A (Hito): Person. 

Then, Tatsujin is a person who mastered the innermost secret. 

• S'n itt (lai-dou): A Samurai martial arts which the martial arts of sword drawing to be 

the source. 

This trial is made by YASKAWA Electric Corporation who is the 4 th shared industrial robot company in 
the world. And, the purpose of this trial is how much a robot can be closer to humans. And it asked 
for the solution in the confrontation with the Tatsujin of lai-dou. 

When I saw this movie, I phoned to my friend who is a leading swordsman and asked to investigate 
this case deeply. 


4 Technological Singularity: https://en.wikipedia.org/wiki/Technological singularity 
Singularidad Tecnologica: https://es.wikipedia.org/wiki/Singularidad tecnol%C3%B3gica 

5 YASKAWA BUSHIDO PROJECT / Industrial robot vs Sword master. Standard YouTube license. 
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Firstly, he didn't show his interest this case. But soon he informed me his investigation in a state of 
excitement. Based on his comment, I introduce this case... 

The first job of this project is to let the robot learn the detail movements of the Tatsujin. And, after 
the heavy job of teaching, finally the confrontation was started. 

The confrontation was SUEMONO-GIRI which is, mainly for testing workmanship of a sword in cutting 
stationary object. The picture of the previous page shows the Tatsujin fine cut the stationary object. 

Now, Is it possible to cut like a Tatsujin by an ordinal person? The Answer is: It is impossible. 

No, the above word is not so clear because of an ordinal person can cut if he (or she) has sufficient 
physical strength. But the judgement point is the cut section and the cut surface of the object. 

The cut surface of Tatsujin and ordinal person are clearly different. The cut section of forcible cut and 
surface are quite different. 

I shall return this matter later, but now next the robot tried, and the robot brilliantly cut the same 
stationary object. So Indeed, it was amazing, the robot cut the object with same acquirement of the 
Tatsujin. So, this YASUKAWA robot showed us high level ability which to be closer to human. 

Again, it is possible to cut by ordinal person who has sufficient strength. But it is clearly different to 
the work of Tatsujin in the cut surface. So, the brilliant cut surface is the function of sword sharpness, 
speed, strength, angles and slightly drawing & cut. It is not a cutting like a hatchet hit. 

For getting the best movement condition, this YASUKAWA robot learned many conditions in heavy 
effort. And, I would say that a robot can be a support robot of machine maintenance. Moreover, in a 
field of very precise adjustment required, a robot might be used in very near future. And, one 
maintenance support robot might be commercially available in near future. 

But what about the Cutting surface? ...I introduced the example of Tatsujin of Lai-Dou and I was 
really surprised how the object was cut by the robot. 
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My surprising point was not the fact of cut, but the cut surface. This robot cut it like as the Tatsujin 
beautifully. 


Cut beautifully? ...Again, to cut is not difficult and is the functional equation of sharpness of sword, 
speed, dimensional angles (to the object) and sward slightly drawing & cutting. 

The qualification of Tatsujin is to exert the skill (speed and angles to cut) at any time and in any case. 
Therefore, Tatsujin is required to train "Sin, Gi and Tai (<0> ft v ft)": 


(to) 

Sin; 

Spirit 

(ft) 

Gi; 

Skill and, 

(ft) 

Tai; 

Body. 


And, this robot reproduced the skill of Tatsujin in not only the cut but also in the beautiful cut 
surface. 

Skills by knowing the outcome 

Now, I would introduce one episode from the novel of Eiji Yoshikawa 6 ... 

One day Sekishusai got 3 visitors who were Bugei-shas in his rural retreat in Yagyu 7 manor. 

• (StH#) Bugei-Sha, Master of martial art- Person 

The 3 Bugeishas were passed through individual room. Muneyosi (Sekishusai) Yagyu had already 
retired from the martial arts. But many Bugeishas visited him to have his teaching. 

When the housemaid told their visit to Sekishusai, he was arranging flowers. Then, he handed one 
cut flower (rhododendron) to her and told her to show this flower to them individually. 


6 6 Eiji Yoshikawa: https://en.wikipedia.org/wiki/Eiii Yoshikawa 

7 Yagyu: Nara's hidden village of the Shoguns' sword masters https://www.japantimes.co.ip/life/2013/Q5/05/travel/vagyu-naras-hidden- 
village-of-the-shoguns-sword-masters/#.W0HcAdlzaM8 
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She brought the flower to one Bugeisha and showed it. But this Bugeisha didn't mention his interest 
and wondered about. And, she told the reaction to Sekishusai. 

Then, she brought it to second Bugeisha. However, the second Bugeisha also couldn't the meaning of 
the cut flower. So, she told the reaction as before. 

Finally, she brought it to the 3rsd visitor, When the third Bugeisha looked at the flower and the cut 
surface, he understood the meaning. And he asked her to hold it. And he cut the stem with lai-jutsu 8 . 
And asked her: Please show this to Sekishusai-Sensei. 

She brought it to Sekishusai. And then, Sekishusai saw through his extraordinary skill and allowed his 
visit. 

The 3 rd visitor was Musashi Miyamoto and in fact, Musashi Miyamoto got the lecture of heart of 
military arts. 

• Muneyoshi (Sekishusai) Yagyu; Founder of Shinkage-Ryu: One of swordsmanship school. 
1527-1606 

• Musashi Miyamoto; Founder of Niten-lchi-Ryu (renowned as Nitou-Ryu): One of 
swordsmanship school. 

• Nitou-Ryu; Ni-tou: 2-swords. 1582~1645 

His written book (EltCDilr) Gorin-No-Sho 9 is a book of military strategy and is famous in the world. 
This is the one scene of the Eiji Yoshikawa's novel "Miyamoto Musashi". 

When I read this book (long days ago) initially I felt that this is just novel and fiction. And it is not 
realistic that Tatsujin can identify the other person's skill level with just looking at the cut surface. 

Some years ago, I met and got the opportunity to make conversation with a Tatsujin of 
swordsmanship and questioned the reality of cut surface and possibility of identifying skill level. And, 
his answer was very short and brusque and said: "Of course, yes", and the other swordsmen also 
agreed with one voice. 

Then now, I convinced that YASUKAWA robot can reproduce the skill of the Tatsujin. 

By the way the Tatsujin and the Yasukawa robot... Who could win this confrontation? 

Firstly, I tell you the judgement of my swordsman friend: "The winner was the Yasukawa robot, 
because of the first cut and several cuts were even. However, after the continuous 30 pieces cutting, 
the differences occurred". 

In the cut surface, the cut surface of Tatsujin was disturbed because of the tiredness. 

As I wrote before, the condition of Tatsujin is to exert the eventual skill in any condition and anytime. 
Therefore, martial artist is required to seek Sin (Sprit), Gi (Skill), Tai (Body). But, one Tatsujin also a 
human. It is natural to be tired after the continuous cutting. 


8 Lai-jutsu (So’fS): Is a combative quick-draw sword technique: https://en.wikipedia.org/wiki/laiiutsu 

9 The Book of Five Rings (3i$Ht Go Rin no Sho) https://en.wikipedia.org/wiki/The Book of Five Rings 
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On the other hand, one robot does not have spirit and it does not get tired. And just skill which could 
learned deeply. 

How about next case... Can Al & robot win to human? 



Pursuing the perfection of the Master 
Crafting 

Private house? ...No, it is not. It is a small 
factory. But it is a very famous factory in the 
world. 

This company has a world-class technology... 
But, what technology? ...It is polishing. 

I would introduce another one of interesting 
story which recently I was impressed. 

The point of view is again how Al & robot can 
be closer to human. So, please look at next 
photos. 

I visited Tsubame-city Niigata prefecture and 
knew the polishing syndicate of 20 small 
companies to join. And, this factory is the 
central presence of this polishing syndicate. 

What is amazing? ...For instance, above 
factory which is very small and has 5 
employees. Yes, it is indeed very small factory. 

This company gave up competing enterprises 
of China or Asian emerging countries in price 
competition. And he sought the company 
direction in "Sensitivity". 

The photo of the left-hand side is a set of knife 
& fork & spoon. 

Where metalworking exists, there is always a 
polishing processing. 

Tsubame-city is well-known as a city of 
metalworking. 

And there were more than 1,500 micro¬ 
companies. And, they were engaged in the 
polishing of pots, spoons, etc. However 
gradually these easy polishing is transferred to 
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emerging countries. Then, this company realized it is not possible to win by easy polishing. 

From here, I would introduce my impression when I got my new iPod. Next picture is same iPod 
which I bought. 



I was impressed very much because of the excellent workmanship. And I was deeply fascinated with 
the texture and impressive workmanship. So then, I reached a company (the above photo). 

How made? ...How made this texture and mirror finishing which is more than #800 degree? 

The thickness of iPod is 0.5mm of stainless steel. It is necessary to polish 20 microns and finish it to a 
mirror finish so as not to break the product and distortion. 

I introduce 2 more examples... 

Da Vinci Surgical System 10 

When writing this column, I saw a report in TV. The report is about the surgical robot Da Vinci 
System. 

This robot is excellent. Anyhow the precision is excellent and is over human hand. Moreover, the 
robot has the function of hand shake prevention. 

But this has some weak points which the sense of touch is. This cannot feel the strength and 
weakness. Then a suture operation is difficult. Also, again regarding the sense of touch, the cases of 
accidents which push and damage an organ happened. 

Anyhow a sense of touch, texture, sensitivity... These are the difficulty fields for robot. But on the 
other hand, a robot is no match for humans in the precision. 


10 Da Vinci Surgical System: https://en.wikipedia.org/wiki/Da Vinci Surgical System 
https://es.wikipedia.org/wiki/Sistema quir%C3%BArgico Da Vinci 
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Abnormality diagnosis with noise 

Recently very interesting equipment came out on the market. The equipment can diagnose the 
machine abnormality with the noise which is learned by Al. Of course, this equipment can be very 
effective PM tool. 

The company whose name is SKYDisk. This company is stablished in Fukuoka (Kita Kyushu in Japan). 

For explaining this equipment, I introduce the description of this company's homepage. 

His mission statement 11 : "Our mission is to create highly accurate Al based on the knowledge and 
expertise gained in loT service and to solve customer's business issues. We will visualize events that 
are not converted into data, analyse the collected data, and convert it into service. Provide one stop 
service on loT x Al and support the future aimed at your business". 




Al instantly analyses and judges and 
informs the abnormalities. 

Task (in machine trouble) 

When making the patrol inspection of 
machine & equipment, an 
auscultation bar was used to perform 
an abnormal check. 

Flowever, as the technicians' aging has 
progressed, it was concerned about 
tradition of skill & techniques. 


11 From the website of this company: https://skvdisc.jp/ 

Smart Maintenance- Japan Prime Minister's Office: https://www.youtube.com/watch?v=c-vlxRXr3aE 
https://www.youtube.com/channel/UCnEQRcFpr2E926ZSZI31uXA 
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Solution 

By using a machine that can reproduce the abnormal condition, time series data of sound and 
vibration at the time of abnormality as well as normal time was acquired, and a vibration revision 
model was created. 

In addition, the irreproducible abnormal condition was succeeded in creating abnormal data by 
simulation. Even without destroying equipment, we were able to let Al learn the teacher data of 
abnormal data. 

Effect 

By analysing the vibration data with Al, failure prediction became possible with a precision of 95% 
even non-skilled operator. 

Also, although it was known that it was going to fail so far, it was not able to specify what kind of 
breakdown occurred in detail, but it also made it possible to determine the details of failure by Al. 

PM & Jishu-Hozen, first step 

The first step of PM and Jishu-Hozen is to recognize abnormalities as abnormalities by operators. 

And, to know the abnormalities by noise is very important factor. Indeed, in the field of hearing also 
Al & loT was begun to use. 

Recently a device which can measure and identify the smell was begun to sell. Then it is not so 
distant future to identify the machine troubles by smell measuring and to be used as one of Jishu- 
Hozen tool. 

And as if boosting it, AMAZON.com pronounced the decision which he starts the service of lend the 
Al system. 

Then with this trend, even one small and low capacity of Al development Venture Company can 
develop Al use equipment. In that way is indeed that we need to utilise Al & robot positively in TPM. 

Now let's go back to the story of my old friend and his complain to the thought of his young 
counterpart. 

He knows that Al & Robot changes the Gemba of manufacturing. Moreover, he knows that such age 
has already started. And he struggles what is the ability of Al &Robot and what human can play in 
Gemba in the torrent particularly in his specialty (TPM). 

I told him that the field which Al & Robot has the specialty should be made by Al & Robot. But there 
are the fields which are difficult for Al & Robot. 

It is quire ordinal and natural answer. And he required me the answer of what the field of difficult for 
Al & Robot are. I told him my point of view as follow... 

—Now there is a field of Al & Robot not to be able to do. And Al & Robot hasn't right brain... 
Therefore, right now Al & Robot cannot beyond human in the field of right brain. 
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In above I showed 2 examples. 

I believe that YASUKAWA robot could reproduce the skill of sword Tatsujin. And, regarding to the 
case of the polishing... Can one robot go beyond the workers of this company? 

My opinion is "not possible (so far and near future)". Because in the process of polishing, it is 
required to check for the sense of touch. 

It is easy to polish metals such water faucet, knife & spoon & fork. But more sensitive and precise 
polishing, not only shiny but also no micro scratch and distortion, cannot be replaced to robot, so far 
and in near future. 

I believe it is not possible. Because of In this polishing process there are the processes of... 

• Study & investigation of workpiece (iPod. 0.5mm stainless, 20microns, #800) and 
Development of buff. 

• In polishing process: 

o Polishing and inspection & confirmation of texture, shine, distortion, no micro 
scratch. 

o And I though it is the field of sensitivity. 

And I believe that someday it will be possible by robot. But not so easy and it takes more long days. 

Sumarizing Al / loT sharing in PM & Jishu-Hozen 

In the first page I wrote the image of ideal operator as follow. 

1. To be able to sense abnormalities as abnormalities and stop machine before breakdown 
and/or defect. 

2. To be able to resolve trouble and recover the function of machine by himself or at least to 
judge quickly the possibility of self-maintenance and call the help of maintenance engineer if 
not possible by himself. 

3. To be able to setup necessary condition. 

4. To be able to keep machine condition and control. 

And as I described in above 4 conditions, first one "sensing abnormalities as abnormalities" can be 
replaced to Al & loT. And at near future, 3) and 4) could be supported by Al & loT & robot. But the 
item 2) cannot be replaced. 

Then, the leading actor of PM & Jishu-Hozen is operator and human. And, Al & loT can be a good 
partner for PM in the field of diagnosis. 

Then, this company realized it is not possible to win by easy polishing. From here, I would introduce 
my impression when I got an iPod... 
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"The most important thing is that operators can recognize the abnormalities and feel these 

abnormalities as their problems autonomously" 

Koichi Kimura 
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VI. Training of Jishu-Hozen. 

Teach and training of basic repair & maintenance. 


Again next 5 training items are recommendable. 

a) Tighten bolt properly. 

b) Centring of pulley, gear. 

c) Changing bearing. 

d) Stopping leaking oil. 

e) Proper oiling. 

These items are taught as fundamental skill for Jishu-Hozen. 

In here I would omit detail explanation of b) and c). And d) and e) are explained in the column of 
"Oiling". 

I believe b) and c) can be made the education & training by yourself. 

And in here I would describe just a). 


a) Tighten bolt properly 


I recommend the above 5 trainings. And the training of this "Tighten bolt properly" is I believe most 
important training. Of course, other 4 items also important. However, I dare to say that this training 
is most important but difficult. 

Because the issue of tighten bolts is related not only to machine maintenance, but also to safety 
directly. 

Before going to the training contents, I introduce one fatal accident. 



The accident reporting 12 . 


Accident: 


Truck crane falls due to destruction of turning ring mounting bolts. 


Date of accident: 2003. Aug. 20. 


Place: 


Building Construction Site. 


12 By Ministry of Labor Industry Safety Research Institute: https://www.iniosh.go.ip/en/index.html 
https://www.iniosh.go.ip/en/about/doc/iniosh e brochure.pdf 
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Machine or equipment: Hydraulic truck crane (lifting load: 27 tons) 


Accident outline: At the building construction site, after turning by hanging light loads 

(plywood boards) with a truck crane, the turning ring mounting bolts destroyed during the 
winding operation and the entire turning body fell-down. 



Detail phenomenon: This phenomenon is due to the looseness of 24 bolts (100 kilo class 
high tension bolt) tightening the outer ring of the turning ring on the truck, part of which 
has fallen off, the remaining bolt cannot support the falling moment. And entire tuning part 
destroyed. 

Bolts destruction status was 15 pieces of cut bolts, 2 bolts screw part thread shorn, and 7 
bolts which falling out at the time of the accident and not existing in the relevant part or 
which did not function as bolts before falling out. 

And both cases of 2 screw part thread shorn and the 7 such as falling off are there at the rear 
of the turning ring (the opposite side of the jib mounting part). 

Cause analysis: Tightening with a high-tension bolt is generally adopted for attachment of a 
turning ring of a truck crane. And it is inevitable a reduction in tension due to initial 
conformability of a fastening portion. Therefore "It is said that it is necessary to perform 
retightening at regular intervals "in with no providing a rotation stop. In this case, many of 
the bolts on the rear side (the opposite side of the jib attachment part) are loose and falling 
off, where the tensile force at the time of work is heavily increased and decreased. And when 
the load is hung, the loosening of the rear side bolts which are easily affected by the load are 
accelerated, part of the bolts drops off, and as a result, the remaining bolts cannot support 
the falling moment and the whole bolts are destroyed. 

Countermeasure: Strict enforcement of tightening work. 

Important notice: The attachment of turning ring with high tension bolts is generally 

adopted, and the loosening due to the initial conformability is well known. Therefore, it is 
important how to thoroughly direct this to workers. 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 



Factory Management Institute 


To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/4.0/ . 







Total Preventive Maintenance, volume IV - Koichi Kimura 


Page 41 of 61 


Main scenario: (To the accident) Lack of shared values, lack of safety consciousness, 

lack of education and training are the foundation. 

Failed the re-tightening the high-tension bolts. And carelessness overlapped. 

In actual work... There were also a lack of care and caution of workers, overlook of bolts 
loosening and it was used. 

On the maintenance side... Overlooked the failure phenomenon, mechanical phenomenon, 
loose bolt in maintenance & repair, inspection, daily inspection. 

And as the result... Dropping, destroying, destruction of remaining bolts, collapse of the 
crane, physical damage, deaths. 


Indeed, in this report we can learn many things. 

I have seen the accidents news several times relating tightening bolts. One is above fatal accident. 

Recently I saw the news of truck accident which a tire came off and fells it down to the sidewalk. This 
case also the lack of tightening bolts of a tire on rear wheel. All bolts of the tire were destroyed and 
shorn. Then the fatal accident occurred. 

The above truck crane case is the case of looseness of bolts. And the truck rollover accident is the 
case of overtightening. 

As you understand, the bolt is loose or too tight, it will be directly linked to the accident. 


Training of tightening bolt properly. 

Aim of the training and target 

For machine & equipment, bolts are indispensable. Learning the correct way to manage the bolts is 
the most important thing for people involved in machine maintenance. In this training, you will learn 
the relation between the tightening force of the bolt and the torque and how to stop the loosening 
of the bolt & nut through practical training. 

Target persons of training and preconditions 
Target persons: 

Persons who aim to acquire knowledge and skills of machine & equipment maintenance. 

Preconditions: 

To have basic knowledge on machine or machine maintenance. In this training course, mainly 
"Torque Control Method" is taken up. 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 



Factory Management Institute 


To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/4.0/ . 


<2»»U»7>6 *U SAM tftULMX 





Total Preventive Maintenance, volume IV - Koichi Kimura 


Page 42 of 61 


Contents of education & training 

1. Relation between elongation of bolt and axial force 

1.1. Axial force. 

1.2. Mechanical strength of bolt and nut 

1.3. Relation between elongation of bolt and axial force 

2. Tightening torque and axial force 

2.1. Control of tightening torque 

2.2. Influence of friction coefficient on axial force 

2.3. Tightening work of bolt and nut 

3. Know axial force from elongation of bolt 

3.1. Tightening by nut rotation angle control 

3.2. Plastic tightening 

4. Loosening stop to keep axial force 

4.1. Double nut 

4.2. Loosening stop which to be subjected to processing in the nut 

4.3. The cause of looseness is improper axial force control 

Equipment and teaching materials to be used: Teaching materials, working table, Drill machine, Vice, 
Digital Torque Wrench, Wrench, Spanner, Dial gauge 13 . 

For the training of tightening bolt, normally above items are taught. Let's look at one by one. 


Tightening 



Force to rebound = Axial force to fix the fastened part 


13 Indicator (distance amplifying instrument): https://en.wikipedia.org/wiki/lndicator (distance amplifying instrument) 
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1.1. - Axial force 

Axial force is the force that the bolt pulled by tightening repels and holds down the non-fastened 
part. 

When tightening the bolt, the bolt tightening part is pulled in the axial direction and it extends very 
slightly. This force, which is trying to return to its original state, and repulsive force is axial force. 
Rebound force = axial force, the fastened part is fixed. 

1.2. - Mechanical strength of bolt & nut 

Long days ago, when we were in a meeting, suddenly we heard tremendous loud sound from the 
production-gemba. Then we immediately rushed to the gemba and saw unbelievable scene. 

The rotor had almost become likely to jump out break through safety cover. And an operator was 
standing and blanched with fear beside the machine (Cable element Bunching Machine). 

The cause of this machine trouble was the breaking of bolts which fixing the bearing of the rotor 
which the diameter is lm and 1.5m long. 

Soon the On-site verification and cause of investigation was made. 

• Direct cause: Break (shearing) of bearing fixing bolts. 

o Phenomenon of looseness of bolts was not recognized. Because of no deviation of 
yellow paint mark. 

• Assumption causes: The bolts to be over re-tightened than yielding point. 

The accident that might lead to fatal accident with personal injury if the worst case occurred in the 
cause of over re-tightening (Mashi-Jime) at the regular inspection & maintenance. 


Re-tightening (Mashi-Jime): 

In above I introduced the word of "re-tightening". And a little more I would explain this meaning... 

a) There first case: When tightening a bolt, the process is firstly pre-tightening and after this, 
tightening with (for instance) torque wrench up to the standard torque. This case also is called as 

re-tightening. 

b) The second case: It is quite natural that after an initial tightening work and after short period the 
tightened bolt loosens. Then it is required to re-tighten at regular inspection & maintenance. 

So, In Japanese it says Mashi-Jime. 

• Mashi: Additional. 

• Jime (shime): Tighten. 
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And when making the regular inspection the looseness of bolts is checked and re-tightened 
(mashi-jime) and painting yellow mark as next image photo. 


4 

Possible to identify the 
losing visibility 


Koichi Kimura 




The mark to be done 
from top the base 


Bolt and nut break. 

It is necessary to teach that bolt and nut also have the limit strength. And when tightening with over 
standard torque than standard, the bolt and nut break. 



Under yield point 
Elastic limit 
Proportional limit 


Stress Yield P oint 


Maximum stress 
Break 


-► Distortion 

I 


One of difficult problem of bolt & nut 
tightening control is to progress 
gradually with circumstance such 
vibration and continuous stress and to 
be invisible up to the break. But... What 
is break? 

The figure left-hand side is a typical 
example of Destruction test. This case is 
a destruction curve of Low Carbon 
Steel 14 . 

Of course, depending upon the 
material, the curve is different. 

But the common points are that any 
material has the points of breaking, 
maximum load and yielding. 


14 Stress-strain curve: https://es.wikipedia.org/wiki/Ensayo de tracci%C3%B3n 
https://en.wikipedia.org/wiki/Stress%E2%80%93strain curve 
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And in this subject, any bolt &nut has these points and breaks in over tightening. 

Now let's look at this curve and teach the common-sense range of bolt & nut strength in this story of 
adding load start to break. 



Proportional limit 



When giving the load (pull force) to the test piece, firstly proportional limit point appears. 
From start to this point, the line shows straight line which can be adopt the Hooke's law 15 . 
Yield point 


From proportional limit point to yield point, the line doesn't show the straight line, but curve. 


Up to yield point the test piece can have the Restoring force and still before the Plastic deformation 
of Permanent distortion. However, it is quite right that from Elastic point, the material starts to 
Elastic deformation. And the start point of elastic deformation is the Elastic limit. 


Actually, there is very little difference between Proportional limit point and Yield point, which is 
influenced by the accuracy of the measuring instruments. So, the above figure to be drawn 
exaggerated. 


However, when over the yield point, indicates a phenomenon which the load rapidly decreases, and 
until Under yield point, there is some increase or decrease in the load, but only elongation 
progresses with a load of a substantially constant load (under almost the same resistance force). 


Then continuing to give load, it reaches to the point of Maximum stress and heading to Break. 


Any way in the range of yield point, the bolt & nut can keep the restoring force. 


The case of the Gemba accident also, the cause of breaking bolts was the over tightening which was 
over the Yield point. But it is necessary to understand that the tightening wasn't over the Maximum 
stress and the Break point. And it is quite reasonable to think that the permanent distortion which 
was given in over the Yield point initially increased with continuous stress pulls vibration and heading 
to the break. 


It's scary. It is indeed scary that it doesn't know Yield point and Maximum stress point. 

1.3.- Relation between elongation of bolt and axial force 

When I made an education & training of bolt & nut tightening, I have got a claim from the students. 
One student said. 


—Mr. Kimura, why do you intend to teach such simple matter to us? ...Bolt tightening? ...Even my son 
can do such easy thing. 


15 Hooke's Law: https://en.wikipedia.org/wiki/Hooke%27s law 
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Then I changed the order of the teaching and I told the student as next. 

—OK. Mr. James. You are looks like "very strong". Please let us look at your tightening work with this 
training kit. 

Then James approached to the training kit and set up a bolt in a steel panel. And he tightened up the 
bolt with all his strength. 

After this demonstration and with no my comment, I started the teaching. And after the lecture 
"Mechanical strength of bolt & nut", we checked the torque of James's work in Unwinding torque 
method. 

And we recognised the over tightening which was more than under yield limit and just before 
maximum stress. Of course, the bolt and panel had caused the Plastic deformation. 

Then I told a joke to James. 

—James. Have you exchange tires of your car? ...If yes, I recommend you stop putting your girlfriend 
on your car. Because your car's tire might be off while driving. 

In reality, he has exchanged the wheel tire. I introduce this story later. But joking aside, Relation 
between elongation of bolt and axial force 

As you understand any bolt & nut has the strength which is classified and standardized. In that way, I 
explain it with one next example. 

Any bolt has such mark. 


Strength 

Classification 



For instance, the left-hand side picture... The number 4 
shows the Strength of elongation . And the 8 shows the 
percentage to the Yield point . 

Then this bolt has the strength of 400 (N/mm 2 ). And 
the Yield point is 80% of 400 = 320 (N/mm 2 ). 

Therefore, this bolt should be used under 320 
(N/mm 2 ) for safety use. 


Strength classification 
(JISB1051) 

3.6 

4.6 

4.8 

5.6 

5.8 

6.8 

8.8 

9.8 

10.9 

12.9 

Strength force (N/mm 2 ) 

nrtfsiagta? 

300 

400 

400 

500 

500 

600 

800 

900 

1000 

1200 

Yiel point (N/mm 2 ) 

180 

240 

320 

300 

400 

480 

640 

720 

900 

1080 
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Strength classification: 

Now in here, there is a unit of force which is Newton. Previously as a unit of force kgf (kilogram 
force) was used. But as the international standard, the unit of N (Newton) became to use. 

Anyway, it is a unit of stress force. And, in an old book if the kg of kgf unit is used, please convert to 
N with next conversion formula: IN = 0.102kgf 

Again, one bolt must be tightened under the Yield point axial force. 

2. Tightening torque and axial force 
2.1.- Control of tightening torque 

We understand that if tightening over the force of Yield point, the risk of bolt break occurs. 

As I describe later, there is the tightening method of plastic tightening which is used the range of 
over yield point but under the maximum stress point. But now, in the standard the tightening to be 
under the Yield point is required. 

We could understand the axial force. But it is not possible or difficult to see the axial force directory 
even though know the Yield point for tightening control. Then as an easy control method, "Torque 
Control Method" is used in popular. So, it is necessary to replace to torque. 

Now, how can we replace from axial force (yield point) to actual work which torque force is used? 

As a matter of fact, any bolt is standardized and designed the torque force which not to be reached 
to the yield point of axial force. 

Example: 

For explaining this theme, I introduce the conversation with above teaching and student engineers. 
—Now James, have you done tire exchange by yourself? 

—Yes sir. Recently I did it sir —said James. 

—OK James. You are young and looks like strong arms strength. But even though strong, you 
shouldn't tighten the bolts of tire with all your strength —and I continued... 

—Everyone let's understand the importance of bolt tightening from the everyday things. In that way, 
James recently changed tire with tightening bolts. So, tires and wheels play an important role to 
support the load of a car... 

—Then because of such reason, when bolts loose, you feel a sense of being danger. There seems to 
be many people who have wrong recognition that it is better to tighten the stronger... 

—I often look at the scene that tightens the bolt using an impact wrench. So, it is necessary to know 
the torque of the impact wrench too. James' example is not the only one. We have seen damaging 
the hub bolt due to excessive tightening. Whether it is a repair shop or a dealer, these things can 
happen... 
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—Indeed, I talk about in an example of a car tire, but please do not tighten it to force!... 

—Now, how can we tighten up the wheel tire bolts? —finally, I asked to the group. 

—There are some differences depending on the model and wheel, but the approximate prescribed 
torque is decided. It becomes the numerical value —I explain to the group. 

—James, what is your car? 

—Ford Sedan sir. 

—Probably, the standard torque of wheel nut of your car is 108 N-m. I'm not sure. But probably your 
car standard also is same —I said and continue... 

—For example, my wife's car is Toyota Sedan. And the standard torque of Toyota Sedan is 108 N m. 

—Now in here you need to understand the unit of N ■ m in next picture —I showed and explained to 
the group... 



Torque T: N 

Distance 


•m 

L: m 

Force F: N 


L: Distance from the centre of rotation of the bolt to 
the point where the force is applied. 


F: Adding force 

The Calculation of Torque T is: 

T = F • L (N • m) 


—And when tightening bolt, the tightening force is difficult to control with axial force (N/mm 2 ), and 
easy to control with tightening torque. And the tightening torque is standardized for each size of 
bolt. And if the tightening torque is too small, the bolt loosens, and if the tightening torque is too 
large, the bolt might break. 

Next table is a simple example of tightening torque in bolt size. And, the necessary torque is decided 
depending upon the bolt size. 
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Bolt size 

N • m 

Bolt size 

N • m 

M3 

1 14~1 S 

MS 

22~29S 

M4 

27~J.6 

M10 

44~S9 

MS 

5.4~7 2 

M12 

76~ 110 

M6 

9 2~12.2 




The table left-hand side is just an example. 
And when you make tire exchange, your 
check and obey your car maintenance 
manual. 

(Just an example) 

Again, my wife's car tires are tightened with 
the torque of 108 N m. 

Now we went back to the tightening bolt 
training class with James's car case. 


—Everyone let's make a small game —I said to the group. 

—James, your car is Ford Sedan, isn't it? Probably your car's tire also is required the torque 108Nm. 
You exchanged the tires. How did you do? 

—Oh... Loosening 5 bolts, jack up, loosening and take off bolts, taking off the tire — Answered James 
a little be perplexed —. I, also, Put the new tire, insert bolts with fingers and jack down. And 
tightening up with wrench and with my body weight —he explained in including gesture. 

—OK James. How much weight do you have? —I asked him. 

—110kg sir. 

—which is almost double of my weight —I replied causing that everybody laughing and enjoying the 
conversation, and continue... 

—OK. Everyone let's assume his tire exchange work: 

• Condition 

o His weight: 110kg. 

o Tightening up: Tightening with all his weight. 

o Tool: Wrench which is 20cm long from the centre of bolt to the edge. The Force 
adding point is 15cm. 

—OK Everyone, please identify what problem is occurred in his car by physical calculation when 
the standard torque is 108 N-m — I pointed out. 

They calculated the torque which James adopted. And, when calculating and middle of the work 
James informed us that the length of the torque wrench is not 20cm but longer. He added the length 
with using steel pipe. Actually, the length was 30cm and centre of adding force in grip was about 
25cm. Therefore, above Tool 20cm is changed to 30cm. And the adding force point is 25cm. 

Then again, they started the calculation. And the calculation result was: 

• 0.25m (25cm) x 110Kg = 27.5kgf-m 

• lkgf = 9.807N 

• 27.5kgf ■ m= 27.5 x 9.807 = 269.7 N-m 
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—James. You tightened up the bolts more than double torque to the standard. Probably your 
tightening was over the yield point and the breaking point. So, where is your car? And can you let us 
look at the condition of your car tire bolts? —I asked. 

—In the carpark of this factory. And it's my pleasure sir. 

Then we went to the carpark with wrench, torque wrench and hammer. And in front of the tire 
tightened by James. 

—Somebody please try to loosen the bolts —I asked. 

—I do sir —James offered to do the work and then he tried to loosen the bolts. 

• The results. 

o He couldn't loosen 4 bolts out of the five. But only he could release one bolt. 
However, 

o The bolt had already been broken. 

—I suggest you bringing this car to a professional car maintenance to repair, because other bolts also 
might already be broken —I finally advise to James. 

Summarizing... In this theme "2.1 Control of tightening torque ", I used the case of car tire wheel hub 
bolt. And this case is same to any bolts: 

• Bolt has yield point and the elastic limit. 

• Bolt axial force is controlled with moment torque. 

• The torque is limited by the individual size and strength. 

2.2.- Influence of friction coefficient on axial force 

It is important to apply the standard torque to tighten bolt. However, the thought of just applying 
standard torque is not sufficient. And it is necessary to consider the condition of bolt and nut. 

Another word, the necessary axial forth and torque are related with the condition of bolt & nut and 
depending upon the condition, the axial force varies even though the tightening torque is in 
standard. 

Even if the torque is constant, the axial force varies. 

Now what is the causes of variation? ...Lubricant, mechanical factor of bolt & (part of) nut, 
environment, speed of tightening, repeated use of bolt. 

By the way the relation of tightening torque and axial force is calculated as next formula: 

T — k ■ d ■ Ff or Ff — - d 

k 

T Tightening Torque, 

k Torque coefficient 

d Diameter of bolt. 

Ff Axial force. 
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For example: 


• If tightened with 400N. And; 

Bolt: M20 (Diameter: 20mm); 

• The axial force Ff\s calculated as next: 

400 N 


Ff = 


400 N 


0.2 • 20 mm 0.2 • 0.02m 


= 100,000 N 


1000 

100,000 N = 10,200 kgfm. 

Therefore; If adding 400N torque, the axial force is nearly 10 tons. 


• Now the torque coefficient. In here, I used "0.2" temporally. 

But this figure is very sensitive and changeable in the above condition. 

• General lubricating machinery oil, the torque coefficient is 

0.14~0.20~0.26 


• Low friction lubricating oil, the torque coefficient is 

0.10~0.15~0.20 
For example, in above condition. 

• Tightening torque T=400N\ And using of general lubricating oil. 

400 400 

Ff ( minimum ) = Q 14 2Q = = 142,875 N or 14, 571 kgf 

1000 

400 400 

Ff ( maximum ) = Q 26 . 20 = 0 2 6 • 0 02 = 76,923N or 7 ’ 846 k 9f 
1000 

As you understand depending upon the condition, almost double differences occur. 
Therefore, the condition control of bolt & nut is important as well as torque control 16 . 


16 Bolt torque calculator metric (UTS and Metric VDI 2230 - ENG): http://www.online-iso-calculator.com/online-bolt-torque-calculator- 
metric-vdi-2330/index.php 

Calculo online par de apriete de tornillos (Metrico - ESP): http://www.online-iso-calculator.com/Calculo par de Apriete/index.php 
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2.3.- Tightening work of bolt and nut 
Training of tightening work. 

In here I would describe the tightening bolt training and, also, torque measuring methods. 

It is indeed difficult to teach it in a theory, because there is no other way than to cultivate the sense 
in one's body. 

As you understand tightening bolt is fundamental work in a machine maintenance and assembly line 
(such image of car industry). 

Tightening bolt in an assembly production line and machine maintenance case are different in the 
frequency. 



In here, I describe tightening training of the case of maintenance. 
Preparation 



Elements: Working table, Vice, Digital torque wrench, Wrench, Spanner, Marking paint & marker, 
Test pieces (2 steel plates), bolts and nuts, Torque standard table. 

Training procedure 


Training of fixing 2 plates with bolts and nuts. 


1) Making holes of 2 steel plates. Several sizes of holes (6 different diameters) 

2) Centring holes of 2 plates, fixing in working table with vice. 

3) Inserting proper bolts (six kinds of size) & nuts. 

4) Tightening with wrench or spanner. 

5) Tightening and Measuring the torque with digital torque wrench and record. 

6) Repeating 3) to 4) to learn the sense and feeling. 

In the process 5), measuring the torque with re-tightening measuring method and record the 
numerical data. Then, a student is required to learn the sense & feeling of tightening strength which 
is required in the torque standard table. 


It is not possible to learn the sense & feeling of tightening strength in one trial. Then it is required to 
learn in repeated and repeated training. 

Re-tightening measuring method 

Now, In the measuring torque in tightening training, usually I recommend using the "re-tightening 
measuring method" with digital torque wrench. Not only the case of training, but also in a machine 
maintenance Gemba, is it required the torque control with inspection. 


There are 3 representative methods which are: 

a) Return torque method 

b) Re-tightening method, and; 

c) Mark method. 
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And recently another method was developed which is T point method. 
Simply I introduce these as next measuring method table. 


Method 

Return torque 

Re-Tightening 

Marck 

T Point 

Description 

Loosen the 
tightened bolt with 
a torque wrench, 
and measure the 
torque value when 
the bolt turns 

Re-tightening bolts 
with torque 
wrench, torque 
value when the bolt 
began around 
again. 

The torque value 
when the 
bolt tightened is 
marked, 

once loosened, and 
tightened 
again, to the 
position of the 
mark. 

Tightened bolts are 
re-tightened with a 
torque wrench and 
the torque value 
which to be 

calculated from the 

0 - T waveform 

when it revolves 
again. 

Ratio 

0.6 ~ 0.9 (AV:0.8) 

0.9 ~ 1.2 (AV: 1.05) 

0.9 ~ 1.1 (AV: 1.0) 

0.9 ~ 1.1 (AV: 1.0) 

Merit & 

Demerit 

It can be measured 
relatively easily. 

The loosened bolt 
must be tightened 
again. It is often 
used under M4 

It is possible to 
measure accurately 
when it is clearly 
understood that it 
is running around. 

It can be as it is 

after the 
inspection. 

It takes time and 

effort. After 
inspection it can be 
in the same state. 

It is possible to 
measure accurately 
when the work to 

which the bolt is 
tightened is fixed. It 
can be as it is after 
the inspection. 

There is no 

individual 

difference. 

Skills 

No skill required 

Skill required 

Skill required 

No skill required 


...From Tounichi Torque Handbook 17 


T Point method 

Recently it is possible to gain the tool of waveform analysis and is possible to see a phenomenon. 
Such tools are used for automation of sensory test, quantify the criteria and eliminate variations in 
judgment, free from experience relying on, stabilize the quality and, also, the measurement data, 
inspection results can be recorded. 

It can be used for sound reproduction and quality control after shipment. 

By the way, the bolt tightening training is not for just machine maintenance. And it is very important 
training for production Gemba obviously an assembly line. 

Of course, production line provides proper torque control wrench for tightening work. However, the 
teaching and training of bolt tightening is essential. 

Next is a patent of bolt tightening training kit, applied for a patent by Toyota (at 2010). 

I omit detail explanation and explain the outline. 


17 Torque Technical Data: https://www.tohnichi.com/torque-technical-data.htm 
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Bolt tightening training machine 

Conventionally, a bolt tightening operation using a bolt tightening machine that does not have a 
torque sensor and does not have a function of controlling the tightening torque has been performed 
depending on the operator's feeling. 

In detail, when the bolt tightening machine is driven to tighten the bolt to the object to be fastened, 
the operator visually checks the movement of the bit and the socket of the bolt tightening machine, 
and furthermore, the worker tightens the bolt tightening machine with confirming the sound and 
time to stop the driving of the bolt tightening machine from the movement of the bit and socket of 
the bolt tightening machine and the tightening sound, and tightens the bolt with an appropriate 
tightening angle and tightening torque. 

Conventionally, in the operation training of the above-mentioned bolt tightening machine, the 
trainer actually attended beside the trainee while he tightens the bolt with a bolt tightening 
machine. Then, the trainer confirmed the tightening sound & time at this time and, judged the 
trainee whether or not the operation of the bolt tightening machine was properly judged by sense 

For this reason, trainers had to train on a one-to-one basis. In addition, the tightening sound and 
tightening time in an appropriate tightening work were unclear objective criteria and depend on 
trainer's intuition, knack of doing, and for this reason, the trainee took time to understand. 

In addition, since it is actually] the bolt is tightened by the trainee in the training method described 
above, exchange and disposal of consumables such as bolts etc. has occurred. 

And conventionally, in the operation training of the bolt tightening machine, the bolt is actually 
tightened by the bolt tightening machine by the trainee, and the tightening torque is measured, so 



11 


2 1 

•J 


ON/OFFX-fy^ - > US89-S-*-/U 


Mouse 


12 


Computer 


20 
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that it is judged by the trainer whether or not the operation of the bolt tightening machine is 
appropriate it had been. 

However, it was necessary to measure tightening torque every time, which took time and effort. In 
addition, since the bolt tightening machine with a torque sensor differs from the bolt tightening 
machine that does not have the function of controlling the tightening torque, the tightening time 
also varies with the tightening sound (sound at tightening), so it couldn't be adopted for training. 

Further, in the bolt tightening machine which does not have the function of controlling the tightening 
torque, even when the torque sensor is attached to the intermediate portion of the socket or the 
like, the tightening sound changes, so it cannot be adopted for training. 

This patent application has the previous and the next picture. 


Tightening Torque 



lower limit 


As you understand this training kit intend to visualize the correlation of torque and time. 

T Point measuring method and this torque training kit intend to monitor the torque with using 
computer or oscilloscope. 

This patent application by Toyota was made at 2010. And nowadays it is in the process of Al. And it is 
not so difficult to let Al learn the appropriate 0 - T waveform for each type and size of bolt & nut. 

But please understand that these are the story of "Tightening training". And, also, finally the training 
is "sensory" training. 

In reality still, it is not possible to tighten a bolt by the support robot even "Yasukawa robot". 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 



Factory Management Institute 


To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/4.0/ . 


JXW* II 













Total Preventive Maintenance, volume IV - Koichi Kimura 


Page 56 of 61 


3. Know axial force from elongation of bolt 


3.1.- Tightening by nut rotation angle control 


Once again, I would use this picture. 



The mark to be done from 
top to the base. 


Possible to identify the 
loosing visibly. 


When tightening nut, making mark as above is very simple and easy method to control the tightened 
torque. 

When measuring and conforming the torque in a maintenance, Mark method which is once time 
loosening the bolt and re-tightening to the position marked and measuring its torque is one of 
recommendable method. 

For coated bolts and the like, it is necessary to pay attention to the fact that there is an influence 
such as elongation of the bolt in the large change of friction coefficient, tightening of the yield point 
with high joint rate, etc., it is a possible inspection method. However, it takes time and effort to 
measure. 

This bolt marking is generally used in the factory. 

3.2.- Plastic tightening 

In tightening bolt, there are some cases of requirement. And in the cases, there is the case of 
requiring strict control. And the case of rough control which intends the level of not to be loosened 
for the time being and not to be serious trouble even if to lose. And in the case of strict control 
required, there is the case of to be required the bolts tightening inspection and change regularly 
(such case of tire wheel) in the characteristic of which a bolt is loose. And the case of seeking 
constant & permanent axial force in the expense of replacing. 

The description in here is the case of constant & permanent axial force . But, before going to this 
theme, I need to describe 3 bolt tightening methods. 

In general tightening method, there are 3 representative methods which are 

1) Torque method tightening (Torque method); 

2) Rotation angle method tightening (Rotation angle method) and; 

3) Torque gradient method tightening (Torque gradient method). 

In this column (before 3.2), I explained the Torque method. 
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The comparison of these are 



Torque method: 


The torque method is a tightening management method that uses a linear relationship in the elastic 
range between tightening torque and tightening axial force. 


Since it is a method of managing only the tightening torque at the tightening work, it is a relatively 
simple tightening management method which can be done with a torque wrench and is widely 
spread in general. 


However, not all the tightening torque acts as an axial force, but it is consumed by the friction of the 
contact surface of bolt and nut. 


Therefore, even if to be tightened with the same torque, because of the axial force variations, due to 
surface roughness, lubrication condition, etc. So, it is required to be careful about the friction 
characteristics. 


In short, this method cannot be expected the good accuracy. 



Rotation angle method: 

The rotation angle method is a method to control the tightening axial force by controlling the 
tightening rotation angle of the bolt head and nut from the snag point, such as angle indexing scale 
plate (protractor) and electrical detector. It can be used for both elastic and plastic tightening ranges. 


Snag point : The snag point is the point where is the point of the tightening torque necessary for the 
surfaces of bolt and into close contact. 


But actually, in the tightening of the elastic range, because of the change in the axial force (due to 
the rotation angle tends to vary largely), a torque method that is easy to work is more generally 
used. 


On the other hand, tightening in the plastic range, because of the change in the axial force (due to 
the error of the rotation angle) becomes small, it is possible to control the angle by visual 
observation using the hexagonal shape of the bolt head and nut. 


Therefore, this method is use just in plastic tightening range. 



Torque gradient method: 


The torque gradient method is a tightening method that utilizes the characteristic that the tightening 
axial force of the bolt exceeds the yield point, the elongation sharply increases against the axial force. 


Detecting the tightening torque and rotation angle with an electrical sensor, etc., computing the 
point of change between the elastic region and the plastic region, and tightening with the limit of the 
elastic range. 


The necessary equipment is bigger than the other methods, but because of the variation to be due 
only to the yield point of the material, it is a method with less variation in axial force than the torque 
method and rotation angle method. 


This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 



Factory Management Institute 


To view a copy of this license, visit http://creativecommons.Org/licenses/by-nc-nd/4.0/ . 


jXKto *U SAM tftULMX 






Total Preventive Maintenance, volume IV - Koichi Kimura 


Page 58 of 61 


For above reason, it is used when high reliability of tightening to be required, such as automobile 
engine and cylinder head bolts. 

Again, I use next picture: 



Under yield point 
Elastic limit 
Proportional limit 


■ « Distortion 

□ 


Stress Yield point 


Maximum stress 
Break 


n 


Torque gradient method is generally 
used in the range of over elastic range. 
Torque method is used under elastic 
range. 

Rotation angle method: To be use in 
the range of plastic range. 

When tightening nut, making mark as 
above is very simple and easy method 
to control the tightened torque. 

Annotation: Above curve in picture is 
not real but is exaggerated to explain 
the under the yield point and 
elongation. Please be careful. 



Comparison of Tightening Coefficient Q: 


Method 

Tightening index 

Tightening range 


Torque Method 

Tightening torque 

Elastic range 

1.4 ~ 3.0 

Rotation angle Method 

Tightening rotation angle 

Elastic range 

1.5 ~ 3.0 

Plastic range 

1.2 

Torque gradient Method 

Gradient of tightening torque 
against angle of tightening 
torque 

Elastic range 

1.2 


The Tightening Coefficient Q is a value obtained by dividing the maximum value of the axial force by 
the minimum value and is a value representing the magnitude of the variation. The larger the value 
of Q, the larger the variation. It is indeed clearly seen, that the torque method and the rotation angle 
method in the elastic range have large variations. 

As other tightening methods, there are Measuring Elongation Method, Applying Force Method and 
Applying Fleat Method. But in here, I omit these explanation, because these are not popular. 

Now the story of "Plastic tightening"... 

Plastic Tightening 

In above picture and table, rotation angle method corresponds to this Plastic Tightening . 
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As I wrote above, Rotation angle Method can be used in both elastic and plastic ranges. However, the 
use in elastic range is more variable than plastic range use. Therefor in general it is used for just 
plastic range. This method also is used for the engine assembly. 

Again... 

Tightening of bolt is usually done in the elastic range where the tightening torque and the rotation 
angle of the bolt increase in proportion. The plastic range tightening bolt performs in a plastic range 
where the bolt is tightened further than this elastic range and only the rotation angle of the bolt 
changes so that the tightening torque does not change. 

This makes it possible to reduce unevenness of the axial force against variation in the rotation angle, 
to obtain a stable axial force and at the same time to obtain a large axial force itself, so it is used for 
important tightening points such cylinder head bolt, the bearing cap bolt, etc. 

In bolt tightening training, I don't train this one but just the Torque Method. 

And I made just lecture about other 2 methods. 

4.- Loosening stop to keep axial force 

1) Double nut 

2) Loosening stop which to be subjected to processing in the nut 

3) The cause of looseness is improper axial force control 


I would finish the theme of bolt training. And before closing this, I would introduce the final story of 
James's car tire bolt. 

As I wrote before, James (student of TPM) tightened his wheel bolts by himself. But when we 
checked the bolts, one bolt was broken, because of his over tightening. 

And I recognized that they were ignorant about the importance of bolt tightening and control. 

Then as one of education, I required them to verify why the bolt was broken and make a 
presentation. And, they discussed and verified the cause in calculation and made the presentation as 
next. 

For bolt & nut tightening control, torque control method is popular and easy way. Then we learn 
this method. To iterate this learning, we review and verify the case of James car wheel bolt 
tightening. 

• The relation of torque and axial force: 

Torque T = L ■ Ff 

L Distance to bolt. 

Ff Axial force. 
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• Calculation of torque added. 

T = 0.25m ■ 110kg = 27.5kgf 
lkgf=9.807N 

• Therefore; 

27.5kgf-m= 27.5 • 9.807 = 269.7 N-m 
James added the torque of 269.7 N- m 

• On the other hand, the standard torque is 108 N- m. 

(108 N- m is temporal standard for this course) 

• Then; It is understandable why the bolt broken by 269.7 N- m. Because of more than double 
torque than standard. But still there is a doubt. Why broken by 269.7 N- m? 

• Then; our additional task is to verify the cause why broken in 269.7 N- m. 

We calculated and verified as follow. 

• To proceed this work, it is necessary to verify another one factor which the bolt strength is. 
Bolt strength. 

There are 10 ranks. And; 

When investigating his wheel and the bolt, we couldn't identify the bolt strength, because of 
no marking in the bolt head. 

• Therefore; for calculating we decided temporal number of bolt strength. And 
Additional condition: 

Bolt strength: 6.8 

Bolt size: M12 (we checked the diameter...) 

The meaning of bolt strength 6.8 is maximum stress 600 N/mm 2 and the yield point 480 
N/mm 2 . 

Yield point = 600 N/mm 2 x 80% = 480 N/mm 2 

Verification: 

• The relation of torque and axial force is: 

T = kd ■ Fa 

d diameter of the bolt 
Fa Axial force. 

k torque coefficient (is nearly equal to 0.2) 
d 12mm (M12 and 12/1000 m) 

Torque T = 269.7N-m 
Axial force Fa = T/kd 

• Then; 


269.7 N-m 
0.2 • 12 
1000 


269.7 • 1000 
0.2 ■ 12 


112,375JV 
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• Therefore; the axial force of 112,375N is added to the bolt... To one and only bolt. 

And the effective cross section of M12 is 84.3mm 2 . 

So, a bolt has mountains and valleys in the part of screw. And the effective cross section is 
provided in each size of bolt. 

• Therefore; 

The Fa is: 


The yield point and maximum stress are 480 N/mm 2 and 600 N/mm 2 . 

And, James tightened up the bolts with more than double axial force of this bolt's maximum 
stress. Is indeed James stupid? ... No. We also were stupid and ignorant. 


Fa = 


112.375 N 


84.3 


= 1,333.0 N/mm 2 . 


I would finish the bolt tightening training, in Jishu-Hozen. I omitted the description of 4. Loosening 
stop to keep axial force. But I believe you could study yourself. 

Then let's rush to next. 

Next, I write the theme of Seiso in Jishu-Hozen. 


Koichi Kimura CC4 - July-2018. 
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